General Methods.
NMR spectra were recorded on a Bruker Ultra Shield Plus 400 MHz NMR (  1 H: A602f-2 camera. ESI measurements were performed on an auto-lab system. UPS measurements was conducted in a Kratos AXIS Ultra DLD ultrahigh-vacuum (UHV) surface analysis system. UPS analysis with an unfiltered HeI (21.2 eV) gas discharge lamp was performed to characterize the valence states and the vacuum level (VL), showing a total instrumental energy resolution of 100 meV. All the samples were kept in a high vacuum chamber overnight before performing the measurements.
Materials and Synthesis

Materials
All reagents and solvents, unless otherwise specified, were obtained from Aldrich, Acros, and TCI Chemical Co. Meanwhile, they were used as received. All manipulations involving air sensitive reagents were performed under an atmosphere of dry argon. The synthesis routes towards PPFNBr is according to our previous work. [1] [2] TrNBr and TrOH have been reported in our previous work. [3] The average molecular weight (M n ) estimated by gel permeation chromatography (GPC) using THF as the eluent was 24600 (with a polydispersity of 2.5) for the neutral precursor of PPFNBr. The active materials including P3HT, ICBA, PC70BM were sourced from Solenne and used as received. PBDTTT-E-O and EP-PDI materials were purchashed from Solarmer Energy Inc. and used as received without further purification. and potassium carbonate (1.38 g, 10 mmol) in toluene/water (2:1, 15 mL) was degassed for 15 min. After being refluxed for 24 h, it was cooled to room temperature and then extracted with CH 2 Cl 2 (25 mL× 3). The organic layer was washed with water, brine and dried with anhydrous MgSO 4 . The solvent was removed and the residue was purified by silica gel column using hexane/CH 2 Cl 2 (2:1) as the eluent to afford Pre-Ph (670 mg, 65%) as a white 
Synthesis
Device fabrication and characterization
The glass/ITO substrates were pre-cleaned with acetone, isopropanol, and a special detergent described in our previous work (e.g., 0.13 mg/mL gave 1 nm films, 0.25 mg/mL gave ~2 nm films and 0.50 mg/mL gave ~5 nm films, approximately). [3] The conjugated polyelectrolyte interlayer, PPFNBr, was spin casted from its methanol solution (0.13 mg/mL) at 2000 rpm.
The neutral star-shaped interfacial material (TrOH) was spin casted from its ethanol solution at 2000 rpm to get a thin layer of nearly 9 nm. All the films were baked at 60°C for 10 min in air. In all cases, the spin-coated structures were then transferred into a nitrogen-filled glove mixture and covered with a glass slide. For devices using P3HT:ICBA as the active layer, the active area of the pixels as defined by the overlap of anode and cathode area was 0.0525 cm 2 .
Eight individual PSC devices were prepared simultaneously on each substrate. For devices with P3HT:PC70BM active layer, the active area of the pixels as defined by the overlap of anode and cathode area was 0.05 cm 2 . Four individual PSC devices were prepared simultaneously on each substrate.
The current density-voltage (J-V) characteristics were measured using a Keithley 2400 source measure unit. The photocurrent was measured under AM 1.5G illumination (through the glass substrate) at 100 mW/cm 2 using a Newport Thermo Oriel 91192 1000W Solar
Simulator. Incident photon conversion efficiency (IPCE) spectra were recorded using the monochromated (Bentham) output from a tungsten halogen lamp calibrated with a Newport UV-181 photodiode; phase sensitive detection with a lock-in amplifier was used to increase signal to noise. 
Detailed data for light soaking issues
